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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic memory cell 
which is formed by introducing a closed magnetic path structure 
into a ferromagnetic layer which is a memory layer and a magnetic 
memory device which retains cell density without degradation by 
using the magnetic memory cell. 

SOLUTION: The magnetic memory cell 1 1 has an antiferromagnetic 
layer 21, a ferromagnetic layer 22 which is disposed on the 
antiferromagnetic layer 21, exhibits intra-surface magnetization and 
makes exchange bonding with the antiferromagnetic layer 21, an 
insulating layer 23 which is disposed on the ferromagnetic layer 22, 
a ferromagnetic layer 24 which is disposed on the insulating layer 
23 and exhibits the intra-surface magnetization and a closed 
magnetic path layer 25 which is disposed on the ferromagnetic 
layer 24 and forms a closed magnetic path together with the 
ferromagnetic layer 24. The magnetic memory device is embodied 
by arranging such magnetic memory cells 1 1 to a grid form or 
zigzag form. 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
daxnages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magnetic memory cell equipped with the 1st a little more than magnetic layer by which the sense 
of magnetization was substantiadly fixed to field inboard, the insulating layer prepared on the above-mentioned 
1st a little more than magnetic layer, the 2nd a little more than magnetic layer which is prepared on the above- 
mentioned insulating layer and shows the magnetization within a field, and the closed magnetic circuit layer 
which is prepared on the above-mentioned 2nd a little more than magnetic layer, and forms a closed magnetic 
circuit with this 2nd a little more than magnetic layer. 

[Claim 2] the center which is the space which the above-mentioned closed magnetic circuit layer was prepared 
on the above-mentioned 2nd a little more than magnetic layer so that it might estrange in the center section, and 
was made by alienation — alienation — the magnetic memory cell according to claim 1 characterized by being 
prepared so that the bit line and word line with which the section was insulated mutually may penetrate. 
[Claim 3] The magnetic memory cell according to claim 2 characterized by preparing the metal layer further 
between the above-mentioned closed magnetic circuit layer and the above-mentioned 2nd a little more than 
magnetic layer. 

[Claim 4] the center of each of two or more magnetic memory cells allotted to the train with each same word 
line while having arranged two or more magnetic memory cells according to claim 2 in the shape of an 
abbreviation grid ~ alienation — the center of each of two or more magnetic memory cells allotted to the line 
with each same bit line while wiring in the shape of a straight line so that the section might be penetrated — 
alienation — the magnetic memory apparatus characterized by a line writing direction bending and wiring so 
that the section may be penetrated. 

[Claim 5] the center of each of two or more magnetic memory cells allotted to the line with each same word line 
while having arranged two or more magnetic memory cells according to claim 2 in the shape of an abbreviation 
grid — alienation — the center of each of two or more magnetic memory cells allotted to the train with each 
same bit line while wiring in the shape of a straight line so that the section might be penetrated — alienation — 
the magnetic memory apparatus characterized by bending and wiring in the direction of a train so that the 
section may be penetrated. 

[Claim 6] While arranging alternately two or more magnetic memory cells according to claim 3 in an adjacent 
train or an adjacent line, each word line the center of each of the magnetic memory cell which was installed 
stair-like and allotted in this installation direction — alienation — each bit line, while wiring so that the section 
may be penetrated the center of each of the magnetic memory cell which was installed in the above-mentioned 
installation direction of each above-mentioned word line, and the direction which intersects perpendicularly 
stair-like, and was allotted in this installation direction — alienation — the magnetic memory apparatus 
characterized by wiring so that the section may be penetrated. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic memory cell which can reduce the effect of an 
anti-field by the magnetic pole of the both ends of a ferromagnetic layer, and the magnetic memory apparatus 
which has arranged two or more magnetic memory cells, without reducing a eel consistency. 
[0002] 

[Description of the Prior Art] In recent years, since a big output is obtained compared with a conventional 
anisotropy magneto-resistive effect (AMR) component and a conventional giant magneto-resistance (OMR) 
component, the magnetic tunnel jxmction (MTJ) component is considered in the application to the reproducing 
head for HDD, or magnetic memory. 

[0003] It is useful that there is no danger that the content of record will disappear even if information's not 
being lost and the count of a repeat being infinity times even if it being the solid-state memory which does not 
have the operation section as well as semiconductor memory, and a power source are intercepted, and a 
radiation carry out incidence, in magnetic memory especially etc. as compared with semiconductor memory. 
[0004] The example of a configuration of the conventional MTJ component 62 is shown in drawing 5 . Such a 
MTJ component 62 of a configuration is shown in JP,9-106514,A. 

[0005] The above-mentioned conventional MTJ component 62 carries out the laminating of the 
antiferromagnetism layer 51, the ferromagnetic layer 52, an insulating layer 53, and the ferromagnetic layer 54, 
as shown in drawing 5 . Each magnetization of the ferromagnetic layer 52 and the ferromagnetic layer 54 is in a 
film surface, and it has effectual imiaxial magnetic anisotropy so that it may become parallel or anti-parallel. 
And it is substantially fixed to an one direction by switched connection with the antiferromagnetism layer 51, 
and magnetization of the ferromagnetic layer 52 holds record in the direction of magnetization of the 
ferromagnetic layer 54. 

[0006] As an antiferromagnetism layer 5 1 , alloys, such as FeMn, NiMn, MnPt, and Mnir, are used and Fe, Co, 
nickel, or these alloys are used as the ferromagnetic layer 52 and a ferromagnetic layer 54. Moreover, as an 
insulating layer 53, although various kinds of oxides and nitrides are examined, it is aluminum 203. It is known 
that the highest magnetic-reluctance (MR) ratio will be obtained in the case of the film. Moreover, in addition to 
this, the proposal of the MTJ component using the coercive force difference of the ferromagnetic layer 52 and 
the ferromagnetic layer 54 is also made with the configuration except the antiferromagnetism layer 51. 
[0007] The schematic diagram at the time of using the MTJ component 62 of the structure of drawin g 5 for the 
magnetic memory in which random access is possible is shown in drawing 6 . The transistor 61 has the role 
which reads and sometimes chooses the MTJ component 62. "0" or " 1 " information is recorded by the sense of 
magnetization of the ferromagnetic layer 54 of the MTJ component 62 shown in drawing 5 , and the sense of 
magnetization of the ferromagnetic layer 52 is being fixed. And when magnetization of the ferromagnetic layer 
52 and the ferromagnetic layer 54 is parallel, resistance is low, and when it is anti-parallel, information is read 
using the magneto-resistive effect that resistance becomes high. Writing is realized by reversing the sense of 
magnetization of the ferromagnetic layer 54 by the synthetic field which a bit line 63 and a word line 64 form. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, with the MTJ component 62 of the above-mentioned 
configuration, since magnetization of the ferromagnetic layer 52 and the ferromagnetic layer 54 is field inboard, 
a magnetic pole is generated in both ends. Although it is necessary to make the MTJ component 62 detailed to 
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attain densifi cation of magnetic memory, the effect of an anti-field by the magnetic pole of both ends becomes 
large with detailed-izing of a component. Thereby, the eel consistency of a magnetic memory cell will fall. 
[0009] Since switched connection is carried out to the antiferromagnetism layer 51 about the ferromagnetic 
layer 52, there is little above-mentioned effect of an anti-field, and it can make zero substantially the magnetic 
pole generated at the edge by constituting the ferromagnetic layer 52 from two ferromagnetic layers which carry 
out antiferromagnetism association as indicated by for example, the U.S. Pat. No. 5841692 number official 
report. 

[0010] On the other hand, since the same technique cannot be used about the ferromagnetic layer 54 used as a 
memory layer, magnetization will become instability under the effect of an edge magnetic pole as a pattem 
makes it detailed, and maintenance of record will be difficult. 

[001 1] Then, it is possible by making the ferromagnetic layer 54 used as a memory layer into closed magnetic 
circuit structure to reduce the effect of an edge magnetic pole. Although the configuration which passes a bit 
line and a word line both along the inside of this closed magnetic circuit, then the effectiveness which can 
reverse magnetization of the ferromagnetic layer 54 efficiently at the time of writing are acquired at this time, it 
becomes difficult for a bit line and a word line to take an easy orthogonal array as shown in drawing 6 . In 
addition, in drawing 6 , a reference mark 65 shows a plate line. 

[0012] The example of closed magnetic circuit structure is indicated by JP,10-302456,A etc. According to this, 
in the magnetic memory thin film memory device, the laminating of the 1st and 2nd magnetic layers which have 
the magnetization direction in the one direction in a film surface is carried out through the non-magnetic layer, 
and the 3rd magnetic layer is prepared in the side face of the 1st and 2nd magnetic layers, and it is arranged so 
that the 1st thru/or the 3rd magnetic layer may surround a non-magnetic layer as a whole. The extemal magnetic 
fields of magnetization of the 1 st magnetic layer and magnetization of the 2nd magnetic layer are anti-parallel 
in the state of preservation of zero, and a closed magnetic circuit is formed through the 3rd magnetic layer. 
[0013] According to the above-mentioned magnetic memory thin film memory device, in order that the 
magnetic film in connection with record may form a closed magnetic circuit at the time of preservation, the 
adverse effect by the anti-field can be avoided and it becomes possible to make small the cell size which is 1 bit. 
So, magnetic-thin-film memory with a high degree of integration is realizable. 
[0014] however, with the conventional technique of a publication, to JP, 10-302456, A Since it is the 
configuration of preparing the 3rd magnetic layer (closed magnetic circuit layer) in the side face of two 
ferromagnetic layers (the 1st and 2nd magnetic layers) Complicated processing [ become / make width of face 
of an insulating layer (non-magnetic layer) narrower than the 1st and 2nd magnetic layers for the 3rd magnetic 
layer, or / the same flat surface as each end face of the 1 st and 2nd magnetic layers ] in which it is as processing 
the ends side and die length of the 3rd magnetic layer **** is needed. That is, with this conventional technique, 
since the above complicated processings are required, the magnetic memory cell excellent in productivity is 
unrealizable. And about the magnetic memory apparatus which arranges a magnetic memory cell the optimal, 
neither disclosure nor a suggestion is in JP,10-302456,A, without reducing a eel consistency. 
[0015] Then, this invention is made in view of the above-mentioned trouble, and the object is in offering the 
magnetic memory apparatus to which a eel consistency does not fall using the magnetic memory cell which 
introduced closed magnetic circuit structure into the ferromagnetic layer used as a memory layer, and this 
magnetic memory cell. 
[0016] 

[Means for Solving the Problem] The 1st a little more than magnetic layer by which the sense of magnetization 
was substantially fixed to field inboard in order that the magnetic memory cell concerning this invention might 
solve the above-mentioned technical problem, It has the insulating layer prepared on the above-mentioned 1st a 
little more than magnetic layer, the 2nd a little more than magnetic layer which is prepared on the above- 
mentioned insulating layer and shows the magnetization within a field, and the closed magnetic circuit layer 
which is prepared on the above-mentioned 2nd a little more than magnetic layer, and forms a closed magnetic 
circuit with this 2nd a little more than magnetic layer. 

[0017] According to the above-mentioned invention, it is not the configuration of preparing the 3rd magnetic 
layer (closed magnetic circuit layer) in the side face of two ferromagnetic layers (the 1 st and 2nd magnetic 
layers) like the conventional technique given in JP, 10-302456, A. Since it is the configuration that a closed 
magnetic circuit layer is prepared on the 2nd ferromagnetism, the dimension of the cross direction of a magnetic 
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memory cell does not increase. And complicated processing [ become / make width of face of an insulating 
layer (non-magnetic layer) narrower than the 1st and 2nd magnetic layers for the 3rd magnetic layer, or / the 
same flat surface as each end face of the 1st and 2nd magnetic layers ] in which it is as processing the ends side 
and die length of the 3rd magnetic layer **** becomes xmnecessary. 

[0018] That is, according to the above-mentioned invention, since complicated processing like before is 
unnecessary while being able to make small area (1-bit cell size) which a magnetic memory cell occupies with 
the easy configuration of preparing a closed magnetic circuit layer on the 2nd ferromagnetism, the magnetic 
memory cell excellent in productivity is realizable. 

[0019] In this magnetic memory cell, a magnetic timnel junction component is formed of the 1st a little more 
than magnetic layer, an insulating layer, and the 2nd a little more than magnetic layer. According to change of 
the magnitude of an extemal magnetic field, the spin of the 1st and the 2nd a little more than magnetic layer 
changes to anti-parallel and parallel, and a magnetic tunnel junction component shows the phenomenon in 
which tunnel conductance changes, with this change. Storage is realizable if this phenomenon is used. 
[0020] Since the sense of magnetization is being substantially fixed to field inboard, the clear switching of the 
anti-parallel of spin and parallel of the 1st a little more than magnetic layer is attained. That is, since the spin of 
the 1st a little more than magnetic layer is being fixed and the spin of the 2nd a little more than magnetic layer 
can be moved according to an extemal magnetic field, parallel of spin and anti-parallel can be performed 
clearly. While "0" or "1" information is recorded by the sense of magnetization of the 2nd a little more than 
magnetic layer, the sense of magnetization of the 1st a little more than magnetic layer is being fixed by the 
above-mentioned switching. And when magnetization of the 1st and the 2nd a little more than magnetic layer is 
parallel, resistance is low, and when it is anti-parallel, reading appearance of the information is carried out using 
the magneto-resistive effect that resistance becomes high. 

[0021] Since the above-mentioned closed magnetic circuit layer forms a closed magnetic circuit with the 2nd a 
little more than magnetic layer, it can make zero substantially the magnetic pole generated to the both ends of 
the 2nd a little more than magnetic layer. Thereby, generating of an anti-field which originates in this magnetic 
pole and is produced can be reduced certainly. Thus, since the effect of an anti-field by the magnetic pole of the 
both ends of the 2nd a little more than magnetic layer is avoidable, magnetization of the 2nd a little more than 
magnetic layer is stabilized, and, thereby,-izing of the magnetic memory cell can be carried out [ detailed ]. And 
since the 2nd a little more than magnetic layer forms the closed magnetic circuit with the closed magnetic 
circuit layer, stabilization can be attained to an extemal leakage field. 

[0022] the center which is the space which the above-mentioned closed magnetic circuit layer was prepared on 
the above-mentioned 2nd a little more than magnetic layer so that it might estrange in the center section, and 
was made by alienation — alienation ~ it is desirable to be prepared so that the bit line and word line with which 
the section was insulated mutually may penetrate. 

[0023] In this case, since the both sides of a bit line and a word line become a configuration passing through the 
inside of a closed magnetic circuit, magnetization of the 2nd a little more than magnetic layer can be efficiently 
reversed at the time of writing. 

[0024] the center of each of two or more magnetic memory cells allotted to the train (or the same line) with 
each same word line while having arranged two or more above-mentioned magnetic memory cells in the shape 
of an abbreviation grid — alienation — the center of each of two or more magnetic memory cells allotted to the 
line (or the same train) with each same bit line while wiring in the shape of a straight line so that the section 
might be penetrated — alienation ~ it is desirable that a line writing direction (or the direction of a train) bends 
and wires so that the section may be penetrated, 

[0025] In this case, since the magnetic memory cell by which the effect of an anti-field by the magnetic pole of 
the both ends of the 1st and the 2nd a little more than magnetic layer was reduced is used, two or more magnetic 
memory cells can be arranged in a high eel consistency in the shape of an abbreviation grid. If width of face of 
wiring is set to F by wiring each word line and each bit line as mentioned above, respectively, while the 
minimum period of a word line will be set to 2F (or 4F), the minimum period of a bit line is set to 4F (or 2F). 
[0026] According to this magnetic memory apparatus, "0" or "1 " information is recorded by the sense of 
magnetization of the 2nd a little more than magnetic layer. At this time, the sense of magnetization of the 1 st a 
little more than magnetic layer is being fixed. And when magnetization of the 1 st and the 2nd a little more than 
magnetic layer is parallel, resistance is low, and when it is anti-parallel, reading appearance of the information 
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is carried out using the magneto-resistive effect that resistance becomes high. Informational writing is realized 
by reversing the sense of magnetization of the 2nd a little more than magnetic layer by the synthetic field in 
which the flowing current forms a bit line and a word line. 

[0027] As mentioned above, since the effect of an anti-field by the magnetic pole of each both ends of the 1 st 
and the 2nd a little more than magnetic layer of a magnetic memory cell can be reduced certainly, while being 
able to hold the magnetization condition stabilized even if the arrangement pattem of a magnetic memory cell 
was made detailed according to the above-mentioned magnetic memory apparatus, it becomes possible to 
realize the magnetic memory apparatus which has a higher degree of integration. Moreover, since the 2nd a 
little more than magnetic layer used as a memory layer forms the closed magnetic circuit with the closed 
magnetic circuit layer, while becoming stability to an external leakage field, it is also possible to reduce the 
power consumption of the magnetic memory apparatus which used many such magnetic memory cells. 
[0028] It may replace with the above-mentioned magnetic memory cell, and that by which the metal layer is 
further prepared between the above-mentioned closed magnetic circuit layer and the above-mentioned 2nd a 
little more than magnetic layer may be used. In this case, since structure where the interface of the 2nd a little 
more than magnetic layer / closed magnetic circuit layer does not exist is realized, it becomes possible to raise 
the yield of a magnetic memory cell. 

[0029] While using two or more such magnetic memory cells and arranging altemately these two or more 
magnetic memory cells in an adjacent train or an adjacent line, each word line the center of each of the 
magnetic memory cell which was installed stair-like and allotted in this installation direction — alienation — 
each bit line, while wiring so that the section may be penetrated the center of each of the magnetic memory cell 
which was installed in the above-mentioned installation direction of each above-mentioned word line, and the 
direction which intersects perpendicularly stair-like, and was allotted in this installation direction — alienation ~ 
the magnetic memory apparatus wired so that the section might be penetrated may be constituted. 
[0030] In this case, since the magnetic memory cell by which the effect of an anti-field by the magnetic pole of 
the both ends of the 1st and the 2nd a little more than magnetic layer was reduced is used, two or more magnetic 
memory cells can be arranged in a high eel consistency in the shape of an abbreviation grid. If width of face of 
wiring is set to F by wiring each word line and each bit line as mentioned above, respectively, both a bit line 
and a word line will have the minimum period of abbreviation 2F, and the further high integration of them will 
be attained from the above-mentioned magnetic memory apparatus. 

[0031] According to this magnetic memory apparatus, "0" or "1" information is recorded by the sense of 
magnetization of the 2nd a little more than magnetic layer. At this time, the sense of magnetization of the 1st a 
little more than magnetic layer is being fixed. And when magnetization of the 1st and the 2nd a little more than 
magnetic layer is parallel, resistance is low, and when it is anti-parallel, reading appearance of the information 
is carried out using the magneto-resistive effect that resistance becomes high. Informational writing is realized 
by reversing the sense of magnetization of the 2nd a little more than magnetic layer by the synthetic field in 
which the flowing current forms a bit line and a word line. 

[0032] As mentioned above, since the effect of an anti-field by the magnetic pole of each both ends of the 1st 
and the 2nd a little more than magnetic layer of a magnetic memory cell can be reduced certainly, while being 
able to hold the magnetization condition stabilized even if the arrangement pattem of a magnetic memory cell 
was made detailed according to the above-mentioned magnetic memory apparatus, it becomes possible to 
realize the magnetic memory apparatus which has a higher degree of integration. Moreover, since the 2nd a 
little more than magnetic layer used as a memory layer forms the closed magnetic circuit with the closed 
magnetic circuit layer, the 2nd a little more than magnetic layer can also reduce the power consumption of the 
magnetic memory apparatus which used many such magnetic memory cells while serving as stability to an 
external leakage field. 
[0033] 

[Embodiment of the Invention] It will be as follows if one gestalt of operation of this invention is explained 
based on drawing 1 R> 1 and drawing 2 . 

[0034] The magnetic memory apparatus concerning the gestalt of this operation consists of two or more 
magnetic memory cells 1 1 , as shown in drawing 2 R> 2. Each magnetic memory cell 1 1 has cross-section 
structure as shown in drawing 1 , and the closed magnetic circuit layer 25 is formed on the MTJ component 
which consists of the antiferromagnetism layer 21 , the ferromagnetic layer 22, an insulating layer 23, and a 
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ferromagnetic layer 24. 

[0035] The above-mentioned ferromagnetic layer 22 and the above-mentioned ferromagnetic layer 24 show the 
magnetization within a field (the sense of magnetization is field inboard). Each magnetization of the 
ferromagnetic layer 22 and the ferromagnetic layer 24 is in a film surface, and it has effectual uniaxial magnetic 
anisotropy so that it may become parallel or anti-parallel. And it is substantially fixed to an one direction by 
switched connection with the antiferromagnetism layer 21, and magnetization of the ferromagnetic layer 22 
holds record in the direction of magnetization of the ferromagnetic layer 24. 

[0036] As an antiferromagnetism layer 21, alloys, such as FeMn, NiMn, MnPt, and Mnir, are used and Fe, Co, 
nickel, or these alloys are used as the ferromagnetic layer 22 and a ferromagnetic layer 24. Moreover, as an 
insulating layer 23, although various kinds of oxides and nitrides are examined, it is aluminum 203. In the case 
of the film, the highest magnetic-reluctance (MR) ratio is obtained. 

[0037] In the MTJ component of the above-mentioned configuration, since it is constituted so that the 
antiferromagnetism layer 21 and the ferromagnetic layer 22 may carry out switched connection, the effect of the 
magnetic pole generated to the both ends of the ferromagnetic layer 22 can be reduced. Moreover, since the 
closed magnetic circuit layer 25 is formed on the MTJ component of the above-mentioned configuration, the 
above-mentioned ferromagnetic layer 24 used as a memory layer will form a closed magnetic circuit with the 
above-mentioned closed magnetic circuit layer 25. Since the magnetic pole generated to the both ends of the 
ferromagnetic layer 24 can be substantially made into zero by this, the effect of this magnetic pole can be 
reduced. 

[0038] According to change of the magnitude of an external magnetic field, the spin of two ferromagnetic layers 
22 and 24 changes to anti-parallel and parallel, and the above-mentioned magnetic memory cell 1 1 shows the 
phenomenon in which tunnel conductance changes, with this change. Storage is realizable if this phenomenon is 
used. That is, if the ferromagnetic layer 22 uses the phenomenon in which the spin of the ferromagnetic layer 22 
is fixed by the exchange field, by junction in the antiferromagnetism layer 21, the clear switching of the anti- 
parallel of spin and parallel of it will be attained. 

[0039] If the spin of the above-mentioned ferromagnetic layer 22 is fixed, since the spin of the ferromagnetic 
layer 24 can be moved according to an external magnetic field, parallel of spin and anti-parallel can be 
performed clearly. While "0" or "1 " information is recorded by the sense of magnetization of the ferromagnetic 
layer 24, the sense of magnetization of the ferromagnetic layer 22 is fixed by the above-mentioned switching. 
And when magnetization of the ferromagnetic layers 22 and 24 is parallel, resistance is low, and when it is anti- 
parallel, reading appearance of the information is carried out using the magneto-resistive effect that resistance 
becomes high. 

[0040] the above-mentioned closed magnetic circuit layer 25 is formed by jimction on the above-mentioned 
ferromagnetic layer 24 so that it may estrange in the center section (the space hereafter produced as a result of 
being estranged in the center section in this way — a center — alienation — the section is called.), the center of 
the closed magnetic circuit layer 25 ~ alienation ~ a bit Hne 12 (let the above-mentioned reference mark 12a- 
12b be one bit line 12.) and a word line 13 (let the above-mentioned reference mark 13a- 13b be one word line 
13.) penetrate to the space perpendicular direction of drawing 1 through the section. Since the both sides of a bit 
line 12 and a word line 13 become a configuration passing through the inside of the closed magnetic circuit 
formed of the ferromagnetic layer 24 and the closed magnetic circuit layer 25 by this, magnetization of the 
ferromagnetic layer 24 can be efficiently reversed at the time of writing, in addition, the center of the above — 
alienation — the insulating layer 26 is formed in the section so that a bit line 12 and a word line 13 may be 
insulated electrically mutually. 

[0041] Although it is necessary to make a MTJ component detailed to attain densification of a magnetic 
memory apparatus, the effect of an anti-field by the magnetic pole of the both ends of a ferromagnetic layer 
becomes large with detailed-izing of a MTJ component (magnetization of the ferromagnetic layer 24 becomes 
instability.). Thereby, the eel consistency of a magnetic memory cell was falling conventionally. 
[0042] However, according to the magnetic memory apparatus conceming the gestalt of this operation, the anti- 
field by the magnetic pole of each both ends of the ferromagnetic layer 22 and the ferromagnetic layer 24 can be 
certainly reduced by constituting each magnetic memory cell 1 1 as mentioned above. Especially, since 
magnetization of the ferromagnetic layer 24 becomes stability, if two or more magnetic memory cells 1 1 which 
have the above-mentioned configuration are arranged appropriately, lowering of a eel consistency is certainly 
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avoidable [ with the reduction of an anti-field by the magnetic pole of the both ends of the ferromagnetic layer 
24]. 

[0043] Here, it explains, referring to drawing 2 about the ability of two or more magnetic memory cells 1 1 
which have the above-mentioned configuration to be arranged without reducing a eel consistency, if it carries 
out what. In addition, for simplification of drawing, a selection transistor omits drawing 2 and it is drawn. 
[0044] According to the magnetic memory apparatus conceming the gestalt of this operation, as shown in 
drawing 2 , two or more magnetic memory cells 1 1 which have the above-mentioned configuration shown in 
drawing 1 are arranged in the shape of an abbreviation grid. In addition, in drawing 2 , the condition of having 
been arranged is drawn so that the antiferromagnetism layer 21 may turn [ the magnetic memory cell 1 1 of 
drawing 1 ] up and the closed magnetic circuit layer 25 may turn down. 

[0045] the center of each of two or more magnetic memory cells 1 1 allotted to the same train as each word line 
13 was shown in drawing 2 — alienation ~ it wires in the shape of a straight line in the vertical direction 
(namely, lengthwise direction) of a drawing so that the section may be penetrated, the center of each of two or 
more magnetic memory cells 1 1 allotted to the same line on the other hand as each bit line 12 was shown in 
drawing 2 — alienation — the longitudinal direction (namely, longitudinal direction) of a drawing bends and 
wires so that the section may be penetrated. 

[0046] Since each word line 1 3 is formed in the vertical direction (namely, lengthwise direction) in the shape of 
a straight line, the same wiring as the conventional thing shown in drawing 5 is possible for it. magnetic 
memory cell 1 1 comrades allotted to the line with the longitudinal direction (namely, longitudinal direction) 
same [ a bit line 12 ] which are the above-mentioned word line 13 and the direction of a right angle on the other 
hand — the center of each — alienation ~ since it is necessary to wire through the section, the longitudinal 
direction bends and wires by the upper and lower sides (upper and lower sides on the space of drawing 2 ) of 
each magnetic memory cell 1 1 . Therefore, if width of face of wiring is set to F, while ttie minimum period of a 
word line 13 will be set to 2F, the minimum period of a bit line 12 is set to 4F. 

[0047] When the magnetic memory cell 1 1 of the structure of drawing 1 is wired like drawing 2 and the 
magnetic memory apparatus in which random access is possible is constituted, "0" or "1" information is 
recorded by the sense of magnetization of the ferromagnetic layer 24. The sense of magnetization of the 
ferromagnetic layer 22 is being fixed at this time. And when magnetization of the ferromagnetic layer 22 and 
the ferromagnetic layer 24 is parallel, resistance is low, and when it is anti-parallel, reading appearance of the 
information is carried out using the magneto-resistive effect that resistance becomes high. Informational writing 
is realized by reversing the sense of magnetization of the ferromagnetic layer 24 by the synthetic field which a 
bit line 12 and a word line 13 form. 

[0048] As mentioned above, since the effect of an anti-field by the magnetic pole of each both ends of the 
ferromagnetic layers 22 and 24 of the magnetic memory cell 1 1 can be reduced certainly, while being able to 
hold the magnetization condition stabilized even if the arrangement pattem of the magnetic memory cell 1 1 was 
made detailed according to the magnetic memory apparatus of the gestalt of this operation, it becomes possible 
to realize the magnetic memory apparatus which has a higher degree of integration. Moreover, since the 
ferromagnetic layer 24 used as a memory layer forms the closed magnetic circuit with the closed magnetic 
circuit layer 25, the ferromagnetic layer 24 can also reduce the power consumption of the magnetic memory 
apparatus which used a majority of such magnetic memory cells 1 1 while serving as stability to an extemal 
leakage field. 

[0049] The above-mentioned magnetic memory apparatus is not limited to arrangement of the magnetic 
memory cell 1 1 shown in drawing 2 , and it should just bend and arrange another side while it arranges either 
the bit line which penetrates the closed magnetic circuit of this magnetic memory cell while the magnetic layer 
which holds storage at least arranges the magnetic memory cell which has closed magnetic circuit structure in 
the shape of an abbreviation grid, or a word line in the shape of a straight line, therefore, the center of each of 
two or more magnetic memory cells 1 1 where each bit line 12 was allotted to the same train — alienation — so 
that the section may be penetrated the center of each of two or more magnetic memory cells 1 1 where each load 
line 13 was allotted to the same line while wiring in the shape of a straight line in the vertical direction (namely, 
lengthwise direction) of a drawing — alienation — arrangement which is bent and wired by the longitudinal 
direction (namely, longitudinal direction) of a drawing is sufficient so that the section may be penetrated. 
[0050] It explains referring to drawing 3 and drawing 4 about other magnetic memory apparatus which start the 
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gestalt of this operation here. 

[0051] The magnetic memory apparatus conceming the gestalt of other operations of this invention is shown in 
drawing 4 . This magnetic memory apparatus consists of two or more magnetic memory cells 31 , as shown in 
drawing 4 . Each magnetic memory cell 3 1 has cross-section structure as shown in drawing 3 , and the closed 
magnetic circuit layer 45 is formed through the thin metal layer 47 on the MTJ component which consists of the 
antiferromagnetism layer 41, the ferromagnetic layer 42, an insulating layer 43, and a ferromagnetic layer 44. 
[0052] The above-mentioned ferromagnetic layer 42 and the above-mentioned ferromagnetic layer 44 show the 
magnetization within a field (the sense of magnetization is field inboard). The above-mentioned ferromagnetic 
layer 42 and the above-mentioned ferromagnetic layer 44 show the magnetization within a field (the sense of 
magnetization is field inboard). Each magnetization of the ferromagnetic layer 42 and the ferromagnetic layer 

44 is in a film surface, and it has effectual uniaxial magnetic anisotropy so that it may become parallel or anti- 
parallel. And it is substantially fixed to an one direction by switched connection with the antiferromagnetism 
layer 41, and magnetization of the ferromagnetic layer 42 holds record in the direction of magnetization of the 
ferromagnetic layer 44. 

[0053] As an antiferromagnetism layer 41, alloys, such as FeMn, NiMn, MnPt, and Mnir, are used and Fe, Co, 
nickel, or these alloys are used as the ferromagnetic layer 42 and a ferromagnetic layer 44. Moreover, as an 
insulating layer 43, although various kinds of oxides and nitrides are examined, it is aluminxmi 203, In the case 
of the film, the highest magnetic-reluctance (MR) ratio is obtained. 

[0054] In the MTJ component of the above-mentioned configuration, since it is constituted so that the 
antiferromagnetism layer 41 and the ferromagnetic layer 42 may carry out switched connection, the effect of the 
magnetic pole generated to the both ends of the ferromagnetic layer 42 can be reduced. 
[0055] The ferromagnetic layer 44 and the closed magnetic circuit layer 45 are carrying out diamagnetism 
association through the metal layer 47 at both ends. By this, the above-mentioned ferromagnetic layer 44 used 
as a memory layer will form a closed magnetic circuit with the above-mentioned closed magnetic circuit layer 

45 through the metal layer 47. So, since the magnetic pole generated to the both ends of the ferromagnetic layer 

44 can be substantially made into zero, the effect of this magnetic pole can be reduced. And since structure 
where the interface of the 44/closed magnetic circuit layer 45 of ferromagnetic layers does not exist as 
mentioned above since the metal layer 47 is formed between the ferromagnetic layer 44 and the closed magnetic 
circuit layer 45 is realized, it becomes possible to raise the yield of the magnetic memory cell 31 . 

[0056] According to change of the magnitude of an external magnetic field, the spin of two ferromagnetic layers 
42 and 44 changes to anti-parallel and parallel, and the above-mentioned magnetic memory cell 31 shows the 
phenomenon in which tunnel conductance changes, with this change. Storage is realizable if this phenomenon is 
used. That is, if the ferromagnetic layer 42 uses the phenomenon in which the spin of the ferromagnetic layer 42 
is fixed by the exchange field, by junction in the antiferromagnetism layer 41, the clear switching of the anti- 
parallel of spin and parallel of it will be attained. If the spin of the ferromagnetic layer 42 is fixed, since the spin 
of the ferromagnetic layer 44 can be moved according to an extemal magnetic field, parallel of spin and anti- 
parallel can be performed clearly. While "0" or "1" information is recorded by the sense of magnetization of the 
ferromagnetic layer 44, the sense of magnetization of the ferromagnetic layer 42 is being fixed by the above- 
mentioned switching. And when magnetization of the ferromagnetic layers 42 and 44 is parallel, resistance is 
low, and when it is anti-parallel, reading appearance of the information is carried out using the magneto- 
resistive effect that resistance becomes high. 

[0057] the above-mentioned closed magnetic circuit layer 45 is formed through the metal layer 47 on the above- 
mentioned ferromagnetic layer 44 so that it may estrange in the center section (the space hereafter produced as a 
result of being estranged in the center section in this way — a center — alienation — the section is called.), the 
center of the closed magnetic circuit layer 45 — alienation — a bit line 32 (let the above-mentioned reference 
mark 32a-32b be one bit line 32.) and a word line 33 (let the above-mentioned reference mark 33a-33b be one 
word line 33.) penetrate to the space perpendicular direction of drawing 3 through the section. 
[0058] Since the both sides of a bit line 32 and a word line 33 become a configuration passing through the 
inside of the closed magnetic circuit formed of the ferromagnetic layer 44 and the closed magnetic circuit layer 

45 by this, magnetization of the ferromagnetic layer 44 can be efficiently reversed at the time of writing, in 
addition, the center of the above — alienation — the insulating layer 46 is formed in the section so that a bit line 
32 and a word line 33 may be insulated electrically mutually. 
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[0059] Although it is necessary to make a MTJ component detailed to attain densification of a magnetic 
memory apparatus, the effect of an anti-field by the magnetic pole of the both ends of a ferromagnetic layer 
becomes large with detailed-izing of a MTJ component (magnetization of the ferromagnetic layer 44 becomes 
instability.). Thereby, the eel consistency of a magnetic memory cell was falling conventionally. 
[0060] However, according to the magnetic memory apparatus conceming the gestalt of this operation, the anti- 
field by the magnetic pole of each both ends of the ferromagnetic layer 42 and the ferromagnetic layer 44 can be 
certainly reduced by constituting each magnetic memory cell 3 1 as mentioned above. Especially, since 
magnetization of the ferromagnetic layer 44 becomes stability, if two or more magnetic memory cells 31 which 
have the above-mentioned configuration are arranged appropriately, lowering of a eel consistency is certainly 
avoidable [ with the reduction of an anti-field by the magnetic pole of the both ends of the ferromagnetic layer 
44 / magnetization of the ferromagnetic layer 44 becomes stability, and ]. 

[0061] Here, it explains, referring to drawing 4 about the ability of two or more magnetic memory cells 31 
which have the above-mentioned configuration to be arranged without reducing a eel consistency, if it carries 
out what. In addition, for simplification of drawing, a selection transistor omits drawing 4 and it is drawn. 
[0062] two or more magnetic memory cells 3 1 which according to the magnetic memory apparatus conceming 
the gestalt of this operation have the above-mentioned configuration shown in drawing 3 as shown in drawing 4 
— being alternate (the shape of an abbreviation rhombus) — it is arranged. That is, two or more magnetic 
memory cells 31 allotted to an adjacent train or an adjacent line are arranged altemately. In addition, in drawing 
4 , the condition of having been arranged is drawn so that the antiferromagnetism layer 41 may turn [ the 
magnetic memory cell 3 1 of drawing 3 ] up and the closed magnetic circuit layer 45 may turn down. 
[0063] the center of each of the magnetic memory cell 31 which was installed stair-like and allotted in this 
installation direction as each word line 33 (let reference mark 33a-33b be one word line 33.) was shown in 
drawing 4 — alienation — it wires so that the section may be penetrated, the center of each of the magnetic 
memory cell 31 which was installed in the installation direction of each above-mentioned word line 33, and the 
direction which intersects perpendicularly stair-like, and was allotted in this installation direction on the other 
hand as each bit line 32 (let reference mark 32a-32b be one bit line 32.) was shown in drawing 4 ~ alienation — 
it wires so that the section may be penetrated. 

[0064] two or more magnetic memory cells 31 matched for the position with each word line 33 and each bit line 
32 by each — the center of each — alienation ~ since it is necessary to wire stair-like through the section, the 
longitudinal direction bends and wires by the upper and lower sides (upper and lower sides on the space of 
drawing 4 ) of each magnetic memory cell 3 1 . Therefore, if width of face of wiring is set to F, both a bit line 32 
and the word line 33 will have the minimum period of abbreviation 2F, and the fixrther high integration of them 
will be attained fi"om the magnetic memory apparatus of drawing 2 . <BR> [0065] When the magnetic memory 
cell 3 1 of the structure of drawing 3 is wired like drawing 4 and the magnetic memory apparatus in which 
random access is possible is constituted, "0" or "1" information is recorded by the sense of magnetization of the 
ferromagnetic layer 44. The sense of magnetization of the ferromagnetic layer 42 is being fixed at this time. 
And when magnetization of the ferromagnetic layer 42 and the ferromagnetic layer 44 is parallel, resistance is 
low, and when it is anti-parallel, reading appearance of the information is carried out using the magneto- 
resistive effect that resistance becomes high. Informational writing is realized by reversing the sense of 
magnetization of the ferromagnetic layer 44 by the synthetic field which a bit line 32 and a word line 33 form. 
[0066] As mentioned above, since the effect of an anti-field by the magnetic pole of each both ends of the 
ferromagnetic layers 42 and 44 of the magnetic memory cell 31 can be reduced certainly, while being able to 
hold the magnetization condition stabilized even if the arrangement pattem of the magnetic memory cell 31 was 
made detailed according to the magnetic memory apparatus of the gestalt of this operation, it becomes possible 
to realize the magnetic memory apparatus which has a higher degree of integration. Moreover, since the 
ferromagnetic layer 44 used as a memory layer forms the closed magnetic circuit with the closed magnetic 
circuit layer 45, the ferromagnetic layer 44 can also reduce the power consumption of the magnetic memory 
apparatus which used a majority of such magnetic memory cells 31 while serving as stability to an external 
leakage field. 

[0067] The above-mentioned magnetic memory apparatus is not limited to arrangement of the magnetic 
memory cell 31 shown in drawing 4 , and it should just wire the bit line and word hne which penetrate the 
closed magnetic circuit of this magnetic memory cell in the direction of slant (for example, the 45 abbreviation 
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direction) to the direction of a closed magnetic circuit of this magnetic memory cell while the magnetic layer 
which holds storage at least arranges the magnetic memory cell which has closed magnetic circuit structure to 
an abbreviation rhombus (altemate). 

[0068] Although it is not limited especially if the above-mentioned closed magnetic circuit layers 25 and 45 
have coercive force smaller than the ferromagnetic layers 22 and 42 which memorize information at least, what 
has high permeability is desirable. As an ingredient which has such a property, for example, the NiFe film, the 
FeAlSi film, the CoZrNb amorphous film, etc. are mentioned. 

[0069] In addition, although the bit line 12 and the word line 13 are drawn in drawing 2 for convenience so that 
the width of face of wiring may differ mutually in order to make it legible, it has the width of face of 
abbreviation identitas actually. Although similarly the bit line 32 and the word line 33 are drawn in drawing 4 
R> 4 for convenience so that the width of face of wiring may differ mutually in order to make it legible, it has 
the width of face of abbreviation identitas actually, 

[0070] Moreover, although the above explains the example in which an antiferromagnetism layer and the 1st a 
little more than magnetic layer (the antiferromagnetism layer 21 , the ferromagnetic layer 22, or the 
antiferromagnetism layer 41 and the ferromagnetic layer 42) carry out switched connection, the two-layer 
magnetic layer of this invention which is not limited to this and carries out antiferromagnetism association 
through the big magnetic layer of coercive force and a thin metal layer is usable. That is, in this invention, if the 
sense of magnetization is fixed substantially [ the 1st a little more than magnetic layer ] in field inboard, 
especially a configuration will not be limited. 

[0071] Although the above explanation showed two examples using the TMR component as a magnetic 
memory cell which has closed magnetic circuit structure, it is also possible to use the magnetic memory cell 
which hsis other closed magnetic circuit structures. Moreover, in this invention, it is not limited to the example 
mentioned above about direction of a bit line, a word line, and closed magnetic circuit structure. 
[0072] The 1 st MAG memory apparatus of this invention is characterized by bending and arranging another 
side while it arranges either the bit line which penetrates the closed magnetic circuit of this magnetic memory 
cell while the magnetic layer which holds storage at least arranges the magnetic memory cell which has closed 
magnetic circuit structure in the shape of an abbreviation grid as mentioned above, or a word line in the shape 
of a straight line. 

[0073] The 2nd MAG memory apparatus of this invention is characterized by wiring 45 abbreviation hard flow 
to the direction of a closed magnetic circuit of this magnetic memory cell in the bit line and word line which 
penetrate the closed magnetic circuit of this magnetic memory cell while it arranges the magnetic memory cell 
in which the magnetic layer which holds storage at least has closed magnetic circuit structure so that it may 
become an abbreviation rhombus. 

[0074] The 3rd MAG memory apparatus of this invention is set to the above-mentioned 1st or 2nd MAG 
memory apparatus. The above-mentioned magnetic memory cell consists of a magnetic tunnel junction 
component which carried out the laminating of the 1st magnetic layer, an insulating layer, and the 2nd magnetic 
layer to order at least. And at least, a center section is estranged, the 3rd magnetic layer is prepared in a side 
which is [ this insulating regular placing being / of the 1st or 2nd magnetic layer of the above / a layer, and ] 
different, and it is characterized by the closed magnetic circuit being constituted by the 1st and 3rd magnetic 
layers of the above, or the 2nd and 3rd magnetic layers of the above. 

[0075] The 4th MAG memory apparatus of this invention is set to the above-mentioned 1st or 2nd MAG 
memory apparatus. The above-mentioned magnetic memory cell consists of a magnetic tunnel junction 
component which carried out the laminating of the 1st magnetic layer, an insulating layer, and the 2nd magnetic 
layer to order at least. And it is characterized by estranging a center section through a metal layer, preparing the 
3rd magnetic layer, and the closed magnetic circuit being constituted at least, by the 1st and 3rd magnetic layers 
of the above, or the 2nd and 3rd magnetic layers of the above at a side which is [ this insulating regular placing 
being / of the 1 st or 2nd magnetic layer of the above / a layer, and ] different. 

[0076] Since the effect of the magnetic pole of the both ends of a magnetic memory cell can be reduced, while 
being able to hold the magnetization condition stabilized even if the pattern was made detailed according to the 
above-mentioned 1 st thru/or the above-mentioned 4th MAG memory apparatus, it becomes possible to realize 
the magnetic memory apparatus which has a higher degree of integration. Moreover, since the ferromagnetic 
layer used as a memory layer takes closed magnetic circuit structure, this ferromagnetic layer can reduce the 
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power consiimption of the magnetic memory apparatus which used many such magnetic memory cells while 

serving as stability to an external leakage field. 

[0077] 

[Effect of the Invention] The magnetic memory cell concerning this invention is equipped with the 1st a little 
more than magnetic layer by which the sense of magnetization was substantially fixed to field inboard, the 
insulating layer prepared on the above-mentioned 1st a little more than magnetic layer, the 2nd a little more 
than magnetic layer which is prepared on the above-mentioned insulating layer and shows the magnetization 
within a field, and the closed magnetic circuit layer which is prepared on the above-mentioned 2nd a little more 
than magnetic layer, and forms a closed magnetic circuit with this 2nd a little more than magnetic layer as 
mentioned above. 

[0078] Since it is not the configuration that prepares the 3rd magnetic layer in the side face of two 
ferromagnetic layers like the conventional technique given in JP,10-302456,A but the configuration that a 
closed magnetic circuit layer is prepared on the 2nd ferromagnetism according to the above-mentioned 
invention Complicated processing [ become / the dimension of the cross direction of a magnetic memory cell 
does not increase, and / make width of face of an insulating layer narrower than the 1 st and the 2nd a little more 
than magnetic layer for the 3rd magnetic layer, or / dimension / the same flat surface as each end face of the 1st 
and the 2nd a little more than magnetic layer ] in which it is as processing the ends side and die length of the 
3rd magnetic layer **** becomes unnecessary. 

[0079] That is, while being able to make small area (1-bit cell size) which a magnetic memory cell occupies 
with the easy configuration of preparing a closed magnetic circuit layer on the 2nd ferromagnetism, since 
complicated processing like before is unnecessary, the magnetic memory cell excellent in productivity is 
realizable according to the above-mentioned invention. 

[0080] Since the above-mentioned closed magnetic circuit layer forms a closed magnetic circuit with the 2nd a 
little more than magnetic layer, it can make zero substantially the magnetic pole generated to the both ends of 
the 2nd a little more than magnetic layer. Thereby, generating of an anti-field which originates in this magnetic 
pole and is produced can be reduced certainly. Thus, since the effect of an anti-field by the magnetic pole of the 
both ends of the 2nd a little more than magnetic layer is avoidable, magnetization of the 2nd a little more than 
magnetic layer is stabilized, and, thereby, -izing of the magnetic memory cell can be carried out [ detailed ]. And 
since the effect of an anti-field which can attain stabilization to an external leakage field since the 2nd a little 
more than magnetic layer forms the closed magnetic circuit with the closed magnetic circuit layer according as 
mentioned above to the magnetic pole of the both ends of the 2nd a little more than magnetic layer is avoidable, 
magnetization of the 2nd a little more than magnetic layer is stabilized, and, thereby,-izing of the magnetic 
memory cell can be carried out [ detailed ]. And since the 2nd a little more than magnetic layer forms the closed 
magnetic circuit with the closed magnetic circuit layer, the effectiveness that stabilization can be attained to an 
external leakage field is collectively done so. 

[0081] the center which is the space which the above-mentioned closed magnetic circuit layer was prepared on 
the above-mentioned 2nd a little more than magnetic layer so that it might estrange in the center section, and 
was made by alienation — alienation — it is desirable to be prepared so that the bit line and word line with which 
the section was insulated mutually may penetrate. 

[0082] In this case, since the both sides of a bit line and a word line become a configuration passing through the 
inside of a closed magnetic circuit, magnetization of the 2nd a little more than magnetic layer can be efficiently 
reversed at the time of writing. 

[0083] the center of each of two or more magnetic memory cells allotted to the train (or the same line) with 
each same word line while having arremged two or more above-mentioned magnetic memory cells in the shape 
of an abbreviation grid — alienation — the center of each of two or more magnetic memory cells allotted to the 
line (or the same train) with each same bit line while wiring in the shape of a straight line so that the section 
might be penetrated — alienation — it is desirable that a line writing direction (or the direction of a train) bends 
and wires so that the section may be penetrated. 

[0084] In this case, since the magnetic memory cell by which the effect of an anti-field by the magnetic pole of 
the both ends of the 1 st and the 2nd a little more than magnetic layer was reduced is used, two or more magnetic 
memory cells can be arranged in a high eel consistency in the shape of an abbreviation grid. If width of face of 
wiring is set to F by wiring each word line and each bit line as mentioned above, respectively, while the 
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minimum period of a word line will be set to 2F (or 4F), the minimum period of a bit line is set to 4F (or 2F). 
[0085] As mentioned above, since the effect of an anti-field by the magnetic pole of each both ends of the 1st 
and the 2nd a little more than magnetic layer of a magnetic memory cell can be reduced certainly, while being 
able to hold the magnetization condition stabilized even if the arrangement pattem of a magnetic memory cell 
was made detailed according to the above-mentioned magnetic memory apparatus, it becomes possible to 
realize the magnetic memory apparatus which has a higher degree of integration. Moreover, since the 2nd a 
little more than magnetic layer used as a memory layer forms the closed magnetic circuit with the closed 
magnetic circuit layer, while becoming stability to an external leakage field, reducing the power consumption of 
the magnetic memory apparatus which used many such magnetic memory cells also does so collectively the 
effectiveness of being possible. 

[0086] It may replace with the above-mentioned magnetic memory cell, and that by which the metal layer is 
fiirther prepared between the above-mentioned closed magnetic circuit layer and the above-mentioned 2nd a 
little more than magnetic layer may be used. In this case, since structure where the interface of the 2nd a little 
more than magnetic layer / closed magnetic circuit layer does not exist is realized, the effectiveness of 
becoming possible to raise the yield of a magnetic memory cell is collectively done so. 
[0087] While using two or more such magnetic memory cells and arranging alternately these two or more 
magnetic memory cells in an adjacent train or an adjacent line, each word line the center of each of the 
magnetic memory cell which was installed stair-like and allotted in this installation direction — alienation — 
each bit line, while wiring so that the section may be penetrated the center of each of the magnetic memory cell 
which was installed in the above-mentioned installation direction of each above-mentioned word line, and the 
direction which intersects perpendicularly stair-like, and was allotted in this installation direction — alienation — 
the magnetic memory apparatus wired so that the section might be penetrated may be constituted. 
[0088] In this case, since the magnetic memory cell by which the effect of an anti-field by the magnetic pole of 
the both ends of the 1st and the 2nd a little more than magnetic layer was reduced is used, two or more magnetic 
memory cells can be arranged in a high eel consistency in the shape of an abbreviation grid. If width of face of 
wiring is set to F by wiring each word line and each bit line as mentioned above, respectively, both a bit line 
and a word line will have the minimvmi period of abbreviation 2F, and the fiirther high integration of them will 
be attained firom the above-mentioned magnetic memory apparatus. 

[0089] As mentioned above, since the effect of an anti-field by the magnetic pole of each both ends of the 1st 
and the 2nd a little more than magnetic layer of a magnetic memory cell can be reduced certainly, while being 
able to hold the magnetization condition stabilized even if the arrangement pattem of a magnetic memory cell 
was made detailed according to the above-mentioned magnetic memory apparatus, it becomes possible to 
realize the magnetic memory apparatus which has a higher degree of integration. Moreover, since the 2nd a 
little more than magnetic layer used as a memory layer forms the closed magnetic circuit with the closed 
magnetic circuit layer, the 2nd a little more than magnetic layer does so collectively the effectiveness that it is 
also possible to reduce the power consumption of the magnetic memory apparatus which used many such 
magnetic memory cells while serving as stability to an extemal leakage field. 
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1 

[0 0 0 1] 
Co 0 0 2] 

Cfi^5l5COS?ffi] m^h^^^m^ (MTJ) 



(2) !^F»82 00 1 -2 7 3 7 5 9 

2 

li. ^m<Dm:^mtfmsn.^S]m (amr) ^^-^g;«cflat 

CO 0 0 3] ^fC. fiai^>?^-UfC:fel/^Tl±. iti»«:^^ 

CO 0 0 4 ] W.^<DU T J 6 2 (D^fiKI^IJ^ia 5 iCTjk 

ip9 - 1 0 6 5 1 4^■i^mcm^StlX\^^Zo 
CO 0 0 5 ] ±IHSe5t5<7)M T J 6 2 MS tc^f 

^fiSiSJi 5 4 osaifbti^ntiiffirt tcfe o . t l < 
o ^-bT. ^m^m 5 2<omims.mi^ 5 1 i: 

Co 0 0 6] m.^Wim5 l i:LTtt, F eMn. N i 
Mn. MnP Mn I r l?C»^^*^ffll/^5>n. ^fiSIt 
©5 2Rtf?SBa[1tS5 4 i:bT«F e. Co. N i feS 

Tti. ^m(omit<^'p^<tmt>mtj-$nr\.^^ti\ a i 
2 0.3 m<D^icmi>n^^M^&^ (MR) it*M#5.n 

1 ^^l,^fc«fi!cT% 5 2 i:?S^14S 5 4 (Dm& 

30 tim^mmi^rcMT j ^^ton^t^^nrv^So 

Co 0 0 7] m5(0mm<DUT im'?6 2^^iy3fL.7 
^■Tc h^VS^X^f 6 1 li^^HJb^tcMT J 2 

^^^f^SfiJ^WbTi/^So roj . rijcoif^ 

a. 0 5 fC^-TM T J 6 2 (Om&^m 5 4 ©SSftO 

#^±@S^nTl/^So ^bT. 3^8114® 5 2 J:?SSS14S 
5 4 cDS^ {k*^¥ff i: t «S$t{iiAMfi < . jK¥ff O i: # 

C00083 

M T J 6 2 THi^m^m 5 2 Rt/^SSttB 5 4 0831 
50 ;^^iJ-fe;l/©-fe;l'S^S*MftTbTU$'5o 



-2- 



3 

[0009] m&^M 5 2 fCOl>T«S^«ttg 5 1 t 

<, Sfc. W^tf*Hi|tfF5 8 4 1 6 9 
5nTi/>-5J:3(c. ^fi41SS5 2^S5iSa[1ai^^-rs- 
[0 0 10] -77. ^^-'JMir^S^SBatt® 5 4 {coi/^ 

[0 0 1 1] ^cT\ ?i=evmtrj:^^mitm5 

[0 0 12] mm.^mm<Dmtri. itw^ 10-3024 

s^nrjso. sijit;^2isi4S<o<iiB{c«^3sai4 
o<s#tt,^T-a. m 1 2 sattwomfb 

[0 0 13] ±smfs.:^'e^jmm^=evm^ic^tii:i. 

KO-fe;l/i|S*/|>^<'rsc:i:*^prtgi:*So 

[0 0 14] bA^b^*^5.s l^mV 10-302456 

ScD/c:J6{cSlRt>*m2^tt«J;»JfeK< Lfcit). ^1 
RXSm 2 fiSttSO^ffi |W|-^ffi(c* i. J: d tc^ 3 

;l/^ll311?#^l/^o LA^fe. 10-302456 

[0 0 1 5] ^-ctn *^B^«±fap.giijS{c^^;*2n 



(3) 1tg82 00 1-2 7 3 7 59 

4 

[0 0 16] 

14S±lj:^tte.n. SS2 3iaS14Si:«{cHeS]^^}^fiit 

10 [0 0 17] ±tE<D^miCj^nii. m^W- 10-302 
4 5 6^^^{cfBIKOfie5RSri<DJ;dfC2 0£D?S^14M 

(mi&i>*^2^i4S) ofiijffiii:^3Ssi4s (.mm^ 

20 [0 0 1 8] o^t>. ±m^mic^tni. mm^m^m 
2 ^a^±tcstj 5 1 -5 ms^^mm-e. m^}^ ^ev-t 

[0 0 19] *as^;><^-'J-lr;Hcfev>T«v ^ i 

[0 0 2 0] ^ 1 ^m^imit<Dm^tm[f^:^^icm 
cDxtr^A^HS^nTfeip. m2^sjtte®xe>^^^ 

roj . n J (Dlff^ti. IS23SSSttS<:oSS{kO 

40 ^aa^snrt^So -^-br. iiis:tf^2^®tte© 
[0 0 2 1] ±Rmm^mt. mzmtwstPktcmm 

so <in»cj:t). sai^^t'j-fe;i/^?is:wtT'^5e b 
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5 

[0 0 2 2] ±fi<Dmm^mii. ^^mx-mrs-t^ji^o 
{c±tH<D^ 2 ^fiaiiss±fctatt e. n. sikic i o t- 

[0 0 2 3] C:cO«^. K^©)K73*^M 
[0 0 2 4] «S«D±IES4^p<^U-tr;l/^lS1S?«tcgB 

[0 0 2 5] iico^. ^ 1 Rt>*^2 3Sfi^tte(DM4SS15 

Fil-r^i:. y- K^©fi/jN^m 2 F (Xtt4F) i: 
e-;/ h^©«/jNMISei±4 F (X«2F) i::* 

So 

[0 0 2 6] c(Dm.9i;^'ev&micj:ni£. r oj . 
rij ommi. m2^miim(omit(Df^^ic^^xti 

n«o ts^©§^)i*«. try Msaty- K«®5:Mn5 

[0 02 7] t;(±co J; 3 ic. ±iSSSM^ * U ^fifc J; n 
IS. m^^=ev -tr^l/om 1 Stf ^ 2 3iiSieso=&Mfi!SgP 

[0 0 2 8] ±ieSEtm;<^'J-lr;Wcf^c^T. ±9E<DmM 



(4) #W§2 00 1-2 7 3 7 5 9 

6 

So 

[0 0 2 9] j:cDJ;^:&mM^^V-fe;i/^«^<5fflL. 
mmt^tmc. s^-f^x ^©tttcMS^n, c 

Ha-f-SidlcSBi^^ns-;^. ^e-y ±IB=& 
y- Fi^o±IB@^77(p]i:it3:5t- ?.;)J[piJc|igS«(c®i9: 

10 J5!cLTfeJ:(/''o 

[0 0 3 0] miRlfS2?iga[14gtOiiSiffia5 

■fe;i/S5iS{i:ge«T'^So #y-Ff^Rt>*=&tr-y hifs;&± 

Ffr?>t. e -y hi^i:y-F^fct±x fSS2F<D 
M^SSftiSftA^Rltgil^So 

[003 1] ccom^^'ev^mi^i^niSs roj . 

s; < * s i: ^ as^s^eaj^^f jffl bTifffiA^^2?^iii s 
nso if^<o»#ii.^^«. e-v hisaty-Fi^^rSsns 

[0 0 3 2] HLkO^oic. ±faK^?«^y^Wz:J:n 
If. «^^^U-fe;l/omiRr>*^2^fK1til(D§M!ilSgP 

So ^t';Bt^s^2 3i^i±SOT^fiasssi:« 

[0 0 3 3] 

So 

[0 0 3 4] :*:|ISfi(DJgSfi:^S]^M^*U^W±> 0 
2 tc^'^ J: 5 fc. ^- U -fe;!/ 1 1 *^ ? 

2. ii&mm2 3. Rt;?ssaiis«2 4*^^*sMT J 

±tc. 2 5 *Wt 5.nTl/^ So 

[0 0 3 5] ±tH<0?S?^14S 2 2jiI>*3SlS14^2 4 

50 m^HMit (sat{toiRjfr*WF«37^[«i) ^s^-To 3SsaittS2 



-4- 



7 

10 0 3 61 R^m&^2 It Vriis FeMn. Ni 
Mn. MnPt. Mnl r ^©^^*^ffll/>C.n. 
mzZR-Cf^m^mZ 4tVXl±F Co. NifeS 

xii. ^mcomim^mimt,mm-snT\^^^t,\ a i 
2 03 (MR) jt*^#?.n 

So 

CO 0 3 7] ±fe«S^<DMT J S^tCfeV^Ttt, K^fiS 

is^2 1 t?teseM2 2*^3:E^*s^-r5j;^(c«fig?n 
?±ic It m^m 2 5 jb^^tt p) nr t,^ § o-p. ^ ^ u s 

i: ^ 5 ±IB^fiS14® 2 4 {±. ±IEM®tiK* 2 5 i: «{c M 

[0 0 3 8] ±tm^^=eV-tJ]yl lit. 9\-^m<Diz 
^^O^fttCJSUT. 2OC0^aS14*2 2Rt>'2 4<DX 

2 2it^^mnm2 1 t<Dm^icj;:^x. §se^is»2 2 

;^t!:/0;5iFtf. ^<omm^7.-f y'^^'^ti^^m 

[0 0 3 9] ±120^^^^ 2 2<DXe>'A^@S?nS 

*^-e?5o ±tHx-Y^;'^>'i^{c<fct). roj . rij CO 
it^j±. 5ij5ai4M2 4<Dmit<o\ai^icj^^xtm-s^n^ 

matrn 2 2 Rtf 2 4 offi[{k*^¥ff ^«g*t« 
[0 0 4 0] ±fBWfiSKM2 5J±. fp^^xmmt^^ 

^m^m^fri^x. i^yhmiz (±i3#s§i?F# 1 2 a 
- 1 2 1 ^oe-y hssi 2 fcfSo ) . Rt;y-K 

*l 1 3 (±IH#B8?g^ 1 3 a - 1 3 1 *(Dy— 

1 3fcf5o ) *v 0ioift®Sit77(ni{cma-r?.j;d 

icfi-oXi^^^c iinfcJ;!?, If y hiS^i 2 fcy— Fifili 

3 (omysifs ^lais® 2 4 Rtf gflni^w 2 5 tc<t ^ tj^ 



(5) t^M2 00 1-2 7 3 7 5 9 

[0 0 4 1] ffli^;«t^-';Se€i^^Sfb«rElS(cl±MT 

J m=f^msit-r^<z-wb^^^t)\ mt j ^?<Dms<t 
10 mti^iSTFLxi^^fco 

[0 0 4 2] LA^U *IISS©Jg®ti:^i.fia^><^-U^ 

-rsdfcfcjc-^.T. ^fiaiis«2 zikTf^m&mz 4(0^ 

So #(c. mm^mz 4o:>mf^^<Dmmic^^mMn<D 

i&micj:*). mki^2 4<Dmitti^^miC^J:^<DX\ ± 

fsmm^mt ^mm>m^/' u -ir;!/ 1 1 ^mmicmm 

[0 0 4 3] CCX\ E(D^dK-r^lt. 

[0 0 4 4] 2^^ifiSC»Jg^fc^SSI^P«^U^S{Cj:t\ 

S^Sa[1SS2 l7t)^±tc:&t)E.0KKSS®2 5*^TtC*S 
50 [0 0 4 5] ^y— FJiai 3{±. 0 2{C^-r<t^tC. IrI 

icmmmcmuiEtixi^^^o -if. =&tr>yh?ti 2t±. 

[0 0 4 6] &y-K^l Sit. ±T7^fpI (ip■5^ 

In]) icm.uwcWLi'f^nx\^-'^<DX\ Hstc^-rse*© 

fi4^;<^'J-tr;H 1 <D±T (0 2CDatffi±(c;fetj-S± 
T) -eS^lRlfcSftJfttfTiBifil^nTV^So Lfc*^t3 

2 F fc*S-7D. Vf y hiSI 1 2 <D«/hiiW« 4 F t^fj 

So 

[0 0 4 7] 1^0 2© 

50 ^«lfigLfc«^. roj . r 1 J <Dit$B». 2 
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(6) ?tM2 00 1 -2 7 3 7 5 9 

9 10 

Slft^2 2iD^{l:OfR]#tiB^^nTt/^§o ^LT. §S [0 0 5 3] SBSSSiM 4 1 LTti. FeMn. Ni 

SSttM2 2 ^^83114*2 4cDSS{[:*^¥tT<Di;?«gfetffl[ Mn. Mn P t. Mn I r ^0-&^*^ffll/^P.n. SifiStt 

*^{ft<s S^ff^OtttigSta^^lSK^SfcV^dJSMS S4 2RZ>*3SSS14e4 4i:LTt±F e. Co, NlfeS 

J;oT^aa[ttM2 4«!)aS{bOlSlt%Rte-r-5C:i:Tl|31 2 03 KCllt^{CgfeSl/^»[MfiSt (MR) jt*^i#p.n 

[004 8] w±cD i •? {c. ^iissflDjg^oia^^ ^ y c 0 0 5 4 ] ±.mim(r>M T J m?fcfet,>Ti±. smi 

^Bti:J;ntf, ea[M^tU-fe;H i«03S®ttS2 2S.t; 10 14M4 1 i:?igai14S4 2*^5g^^-&-rs.i;^{c^sSc^n 

{t^nx tS^Ufcffl[{k«^«:^-rs c S i: [O O 5 5] ^SIIS® 4 4 fcP^S«SS® 4 5 ti, MS^T? 

SCtA^RjHit^So $fc. ^^•;Si:^^3S{S14«2 ^*USi:^^±E^Si14«4 4ti. ^se4 7^/rL 

4 jb^WSIKS 2 5 t^^fcMBSK^Ji^fiKbTi/^SOT', ^ T, ±fEF^SII^S 4 5 ttttcF^SS^^J^^-TS C fcfc^ft 

2 4 ti^l-gPiiaKl^tcJif LT^^i:«:S i:«(c. So -^-nfJ)^. ^W&m 4 4 £Opifi!SgPfi:P8^-rs«[8i* 

[0 0 4 9] ±IBfiSm^^rU^Sli> 02ti:^-rfiS^^ 20 fiSKS4 5<DH{C^S»4 7*^^tt?>tlTV>S©T% ^ 

;l'OMaj^^Ba-rse->' h$ISD*7- KSSo^-^e*^ [o O 5 6] ±fHBI^;<^-U-fe;i/3 1 9S-'^n<r>iz 

•5. tfifc^riSl) {<:it«a«»ci3m?nTi/^«-??> =&a-K 4 2«S3SSStt«4 i i:<oig^(cioT. 5Smi4a4 2 

o^ft^^stF^gp^ma-rsidtc, (ip xtrvos^tr^ my<omm.ri:^^ y^^^'ti^'^n^ 

»4 4©;^t!>^na5as^tj:iJJCTi!;< <t3{cT'€5o 

u^«{c-ov^T03R?>*H4^#S8L:&*^e>Si0^-ri>o ±i2xi'-y^v^'*fi:<tti, roj . rij<oif$ga. ?i 

[005 1] :^^m<om<Dmm(Dmmcmzm^:^=ev 4<Dmit<o\pi^ici:-oxmmsn^-:^. mi 

^«^r04{c^-ro <i(om^;^=evmmii. m4icm-r ^^4 2ci^fkiD[o]t«HS^nTi/^So ^lt. sseaE 

iivic. m^'Dm^^^'evtiVs 1 A>e.«^?nTi/^ 14*4 2Rt>*4 4<Dmit*'^^n(Dh^iiS.^mm&<. 

5o ^ V •fe;l' 3 1 03 {c^-r ^ o ^Wmm R.W-n<D 1 1 < 5 i: ^ ^ ssmsjaj?&»^ 

M 4 3 . 44A^P.^5MTJ ±tc, 111 [00 5 7] ±tHMSSgSS 4 5 it. ^^UX-mf^t^ <fc 

v>^sB4 7 ^ir\^xwmsi,m 4 s^^isite-nTi/^So d{c±tB5tsaitS4 4±{i:^s»4 7^f^LT^^^p)t^ 

[0 0 5 2] ±l2c>3ifi^'t£M4 2Ra^^SS14«4 4«. TV^S (J-^iT. iiO.t^tc^'^gp-eilHSnfcSgSSli 

ffirtSifk imt<0\^^im^l5\^') ^r^-To ±tBO^BS «S®*tfi»iigiFaSPi:fS;-ro ) o m^M4 5<Dtf5feSt 

ttS 4 2 aa^SSSatft® 4 4 a. Brt^fk (Sat{l:0[Rl€*^ r^gP^/^LT. tr-yhS^32 (±I5#b§??F-^3 2 a-3 

®F*37?|S]) ^r^-To ?Smi4S4 2Sitj^gS'ffia4 4CDfiS 2 1 hi^3 2 t-T-So ) x S.t>*y-m3 

fl:«. ■fRinfeKffil^fiife 5 s ¥tf t U < {±S¥tf 3 (±ie#3S?^^ 33a-33b^l KSi 3 3 

i5fc||SSlW*-faiaBl^7^14**LTV^«o ^-LT. fc-TSo ) E3©iK®SiS:^l^lJ«:mffl-r5<t-5tC55: 

^SS1S»4 2<7)iSto±S?SlK14»4 1 t(Dt^m^'t\cii ■^TV^«o 

»3^»W*C-:^|RltcS^^n, ^iai4S4 4(Dgai{k073 50 [OOSS] cn^Ci:?). e-y h^3 2i:'7-KJ®3 3 
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s^wtciteigs^ns <fc d fc. !is&!g^€ 4 6 Tb^stt e. nrv^ 

[0 0 5 9] mM^^rU^BOlS^JSfk^HStCttMT 
[0 0 6 01 L)b^U 2t!:j|«S<O?eSfc0^S«^y^'JS 

fgi^fci??. ^aii4S4 4<DSS{tA^$Sfc^;scDT% §a 
[0 0 6 1] c<ir\ if<Dj:'5{c-rn«. -t^i-fes^fg 

-fe;l'3 1 ^EBT^S*Hcot-'T. 04^#BgL**^ 

6> gi?s-r«o 04t±, Eiomiiisfi:ofc4i>(c. m 
[0 0 6 2] *ii«iofl5®fc«5fiai^^^-u^S(cj;n 

(f. @4{c^-rJ:^f<:, 0 3fj:^f±ia«fiR^#t-«« 

nrv^So oat). i§$t)^^mmTti:B25nfc«is<75 
m^^^-'J-fe;l/3 i^^i^Jl^^tcEB^nTV^So **5. 
04fci3V^Tti. 03Offll^^^-U-l2;l/3 1 A% S^fiBl 

[0 0 6 3] ^y— Fi^3 3 (#Hg?gF^3 3 a- 3 3 b 

Fi^3 3i:"r5o ) «^ 04fc^-rJ:^ 

T(/>So — =Se-yhjia32 (#Bg?g:^3 2 a-3 2 
b^l*(De-y hi®3 2fc-r«o ) 04fC^-rJ;d 

So 

[0 0 6 4] ^'7-m3 3S.tf#tr>V h^3 2«. ^ 
nt>. mgcofeB(i:E^nfctg^<DfiS^;<ty-lr;l/3 1 

r\ ^^;^^U-tr;l/3 1 0±T (0 4 ©|ttga±tcfelt 



(7) #P»§2 00 1-2 7 3 7 59 

12 

0. 02ofli^^^-usB<t5ts*si«^m*^tg 
[0 0 6 5] m3<om]&<omM.^'ev'<i)i3 1 ^04<d 
^«i^Lfc®^. roj . r 1 J (Dmmti. mm^m 4 

4 0fiS{t(D|R]t{C<l;-3TfSii^nTV^So ClCDfc^. ^ 
mi4S4 2 0iatfkO[Bltt±@S$nTV^So ^LT, ^ 
fiS1S» 4 2 i:^a«4S 4 4 OlKftJb^TO^Oi: f?i±«*xfii 

lf>y F^3 2 i:7-FiSi3 3tl^B^T^-^^mm!: 
^ -3 T^?114H 4 4 <Dl8ffc<DI^I?^SiK-r S il i: T^II31 

[0 0 6 6] J.X±OJ:-5(c, 2^||MOmiOSai^^^'J 

^B{c J; ncf^ js^^ ^ 'J -b/i' 3 1 om&^m 4 2 j^t; 

4 4©^M!iSSI5058S8{::J:SS«a^<^>^»*BS^{cffiM 

T'#S<73T. ®E^^^:U-fe;l/3 1 ©IBB^'^iJ? — 

4*^P^^^M4 5i:ft(CF^ea[|K;&Jgfi!cLTt,^SOT\ ^ 

eaitts 4 4 ti^^gpm^i^tcMLTS^fc^s fcttm. 

U SB«oMeii:^J«:<KJi^-r S c t fe RTfig-pfc So 

[0 0 6 7] ±fB©SSm^^-U^fil±. 0 4 tC^^fSS^ 

30 M^^-'J -fe^l/OF^^^Ra-rse-y FiSSitfV- F^ 
[0 0 6 8] ±IBF^BS^S2 5Rrf 4 5t±. ii>:^< i^fe 

i»$s^i2ifrs?siai4S2 2R.r;4 2 J: D festm^jbvh 

T. N i F e F e A 1 S 1 C o Z r N 

[0 0 6 9] rj:i3. mw<f 5fcJ6tc, Mfi:±. mz 
40 fcfev^T. e <y Fifill 2 i: y- FifiS 1 3 «BeiiO'ii*m 

4^c:feV^T^ e>y FiSl3 2 iy— FiS3 3t4i3©©i|i*^ 

[0 0 7 0] ^fc. ±l2tt> i^SSttS 

C5^asi4S2 1 tmi'&mz 2. xt4S5asaiit«4 1 
50 ti(o±^^m^. m^^mm^ffi.xsmm.iim^t 
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[0 0 7 1] &it<omm-^\>i. mmmm^M-t^u^ 

[0 0 7 2] 3ji:fgB^O^ 1 ^^^^rU^BJi. U±.<Oi: 

[0 0 7 3] *^ggo^2^3a[§C;^^■U^«^±. ^J>^< h 

[0 0 7 4] *^B^0^3aa[M;^^U^S«^ ±12©^ 

Rtf s 3 m/^^rci>t±xs,w. 2 s:tf M 3 mi&m^t. j; »? w 

[0 0 7 5] *I6H^CD^4JSM^^-U^»±. ±ia<Dm 
lXlim2fll^;^^-'J^StJ:fe<.^T. JilHlS^^^U-b 

t±IHm 1 Xt±m2mttSOK*61SSa»Mi:S 

aatitM^^tt . ±12^ 1 s:t>-^ 3 asisM$;rc(±±iHm 2 

[0 0 7 6] ±iaomi7!j5^4aaiM^^-U^«{cj:n 
[0 0 7 7] 



(8) #^2 00 1-2 7 37 59 

St. ±wmm±.^cm.^fi^ri. SF«9®{t^^-r^2^ 

[0 0 7 8] ±t20%B^(i:<tnif^ #F»S¥ 1 0-302 

4 5 6 ^'Mctzm<o'^5itmffj(ox oic2 -cxo^m&m 
oDmmicm 3 m^m^wnf ^m^xit^ < t. mm^m 

^3SS14SOfci6tc^iatfS2 3Siatt«.fc0t»$^< u 

, mi Rtfm 2 mmm<o^mhn-w^\ci3i^ 

J; ^ {cm 3 ^t£SOMi^ffi-^fi^*i!ral Lfc 5 i: V-*'^ it 
[0 0 7 9] ±I2fS0^ti:intf. F^SaSSH^m 

25saa[i4±tctattsi:i/>-5faim*«figT% m^pj^v-b 

/VOiSfeSBiB (1 ti-y h©-fe;l/ill) <T'^5i: 

[0080] ±f2F^i^® m 2 mmm t mc^m 

«„ coi^fc, m2^ai14®Oiii5fiSSPOffi8Bti:J;SS 

A^fe . m 2 ^^'itmti^wmsmtmcmms&^m^vx 
m^mmx'^?>(ox\ m2^aitt®oS5{i:*^^^L. c: 

m'^xm-r^o 

[008 1] ±i2<o^aiKBtt. If ^T*8ira-r«^ d 

{£:±i2cDm2^^tts±{ct9:tt?.n. mmic^ 0 x-^fc 

[0 0 8 2] e-y hi^i:y-F^<o^73*^F^ 

2 ^m.^m(Dmit^Emx # § o 

[0 0 8 3] mi&<D±m^fs.:^=ev -b^i/^isis^ttfcBa 

ffisnfcffissccQsai^pc^-v ■fe;i/co=s-4'^MF^gi3^ma-r 

5«fc^{i:it!ig4«{cBB^^n^-77. =&e>y hSSa. PIC 
(Xt±I^C5>J) fci2^nfciSS5c<0flai^;)<^U-fe;l/O# 

50 fltffLTg2«S5ti«ili:*^jg=^bi/>o 



-8- 



15 

[0 0 8 4] c(om^. miRxfmzmmmiomiQ^ 
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